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Background

Anterior cruciate ligament (ACL) injury is extremely common among athletes. Rate of
second ACL injury due to surgical graft rupture or contralateral limb ACL injury is
approximately 15-32%. Psychological readiness to return to sport (RTS) may be an
important predictor of successful RTS outcomes. Psychological readiness can be
quantified using the ACL Return to Sport after Injury (ACL-RSI) questionnaire, with
higher scores demonstrating greater psychological readiness.

Purpose

The purpose of this study was to investigate differences in functional performance and
psychological readiness to return to sport among athletes who have undergone primary
ACL reconstruction (ACLR).

Study Design

Descriptive cohort study

Methods

Eighteen athletes who had undergone primary ACLR were tested at time of RTS
clearance. The cohort was divided into two groups, high score (HS) and low score (LS),
based on median ACL-RSI score, and performance on static and dynamic postural
stability testing, lower extremity isokinetic and isometric strength testing, and single leg
hop testing was compared between the groups using an independent samples t-test.

Results

The median ACL-RSI score was 74.17. The average ACL-RSI score was 83.1%6.2 for the HS
group and 61.8%8.0 for the LS group. High scorers on the ACL-RSI performed significantly
better on isometric knee flexion as measured via handheld dynamometry (22.61% %6.01
vs. 12.12% *4.88, p=0.001) than the low score group.
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Conclusion

The findings suggest that increased knee flexion strength may be important for
psychological readiness to RTS after primary ACLR. Further research is indicated to
explore this relationship, however, a continued emphasis on improving hamstring
strength may be appropriate during rehabilitation following ACLR to positively impact

psychological readiness for RTS.

Level of Evidence
11

INTRODUCTION

Anterior cruciate ligament (ACL) injury is common among
athletes.1:2 Rate of second injury due to surgical graft rup-
ture or contralateral limb injury is approximately 15-32%,
with increased risk during the first two years postopera-
tively.3-7 Known factors associated with successful return
to sport (RTS) include delay of return until at least nine
months postoperatively, symmetric quadriceps strength
measured as a ratio of knee extensor torque normalized to
body mass, lower levels of pain and knee joint effusion,
lower levels of kinesiophobia, and extended preoperative
rehabilitation.*68-10 Successful return to sport is primarily
defined as avoidance of second injury, but can also include
return to pre-injury activity levels or avoidance of pain with
activity. Despite the identification of these predictors, ACL
reinjury rates remain high, suggesting that other factors
may play an important role in successful RTS. One of these
additional factors may be psychological readiness to RTS,
which includes fear of reinjury, anxiety, anger, and stress,
and lack of confidence to return to sport.!! Approximately
40-63% of athletes return to their preinjury level of sport
after primary ACL injury,!2-14 and among athletes who do
not return, fear of injury is the most common reason they
cite for this decision.!’ Lack of psychological readiness is a
major barrier for return to preinjury level of sport after ACL
reconstruction (ACLR).13:16-18 psychological factors, in ad-
dition to physical readiness, are important to consider in
RTS evaluation.811,15

Several authors have indicated that psychological readi-
ness predicts successful RTS.131419-23  pgychological
readiness to return to sport may be quantified using a ques-
tionnaire known as the ACL Return to Sport after Injury
(ACL-RSI) scale.24 Webster et al. developed this 12-item
questionnaire in 2008 to assess the psychological impact
of returning to sport after ACLR.10:24 The scale measures
psychological readiness to RTS after an ACL injury in three
main categories: emotions, confidence, and risk appraisal,
and a higher score suggests greater psychological readiness
for return to sport.21,24.25 The ACL-RSI has been shown to
be a good indicator of successful RTS.10:11:23 Sadeqi et al.
describes that ACL-RSI score improves throughout the re-
habilitation process, and that higher ACL-RSI score is cor-
related with an athlete’s return to sport.2> Athletes who re-
turn to sport after ACLR have higher ACL-RSI scores than
athletes who do not return to their sport even after being
medically cleared to do s0.1%:13 Importantly, young athletes
(<20 years of age) who sustain a second ACL injury after RTS
had lower psychological readiness scores at 12 months af-

ter ACLR and a smaller change in their ACL-RSI score from
preoperative evaluation to 12 months postoperative evalu-
ation than their counterparts who do not sustain a second
injury.21,22 ACL-RSI score indicates psychological readiness
for successful RTS, and therefore may be a useful tool in
RTS evaluations for athletes.

Although there is strong evidence demonstrating that
psychological readiness plays a significant role in successful
RTS, the predictors of psychological readiness remain
largely unknown. The purpose of this study was to inves-
tigate differences in functional performance and psycho-
logical readiness to return to sport among athletes who
have undergone primary ACLR. Predictors of high ACL-RSI
scores will be determined based on single leg functional
performance in single leg hop for distance, quadriceps
strength testing, and single leg static postural stability and
Dynamic Postural Stability Index (DPSI). Because athletes
with higher ACL-RSI scores are shown to have greater suc-
cess in RTS, it was hypothesized that subjects in this study
with higher ACL-RSI scores will perform better in func-
tional testing at time of RTS than athletes with lower ACL-
RSI scores. Findings from this study may guide clinicians
when determining how psychological factors contribute to
functional performance. These results may also affect both
physical and psychological rehabilitation for athletes after
ACLR to improve RTS outcomes.

METHODS
STUDY DESIGN AND PARTICIPANTS

This descriptive cohort study utilized individuals who had
undergone a primary ACLR at a single academic institution.
Subjects were recruited to participate if they were 12 years
or older and had undergone primary ACL reconstruction
with a contributing author orthopaedic surgeon. A total of
18 participants enrolled in the study voluntarily. All sub-
jects were cleared by their orthopaedic surgeon to return to
their previous level of activity prior to participation in the
study.

Subjects were included in this study if they participated
in a sport at any level prior to their injury, and intended to
return back to sport after being cleared to do so. Subjects
were excluded if they had a history of any prior major lower
extremity injuries, prior lower extremity or back surgery,
any medical diagnosis that could affect balance, or any
multi-ligamentous injury. Concurrent meniscal injury was
not an exclusion criterion. Subject demographics for the co-
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Table 1. Participant demographics

Age (years) Height (cm) Mass (kg) Tegner Activity
Range: 13-36 Level
Mean +SD Mean +SD Mean +SD Mean +SD
Females 194 573 165.88 7.38 76.33 25.82 6.75 1.58
(n=8)
Males (n=10) 20.8 7.04 178.97 8.02 76.89 10.74 7.70 1.25
Total (n=18) 20.2 6.35 173.15 10.06 76.64 18.32 7.28 1.44

hort are outlined in Table 1. All subjects read and signed an
informed consent form prior to participating in the study.

INSTRUMENTATION

Ground reaction forces (GRF) for static and dynamic pos-
tural stability testing were collected at 1000 Hz with an
AMTIT force plate (Advanced Mechanical Technologies, Inc.,
Watertown, MA, model BP600900). Knee isokinetic
strength was measured using an isokinetic dynamometer
(Biodex Medical Systems, Inc., Shirley, NY), and knee iso-
metric strength was measured using a handheld dy-
namometer (Lafayette Instrument Company, Lafayette, IN).

PROCEDURES

Participants completed the ACL Return to Sport after Injury
(ACL-RSI) 12-item questionnaire at time of RTS clearance,
as previously described. Several studies have used the ACL-
RSI, and the questionnaire shows high internal consistency
(Cronbach alpha = 0.96).14:15,20,21,25,26-28

Subjects also completed the Tegner Activity Scale prior
to functional performance testing. The Tegner Activity
Scale is a scored assessment from zero to ten that assesses
the activity level in daily life and sport or recreation that
a participant can comfortably complete.29-3! Participants
may only achieve a score of five or greater if they participate
in recreational or competitive sports.2? The activity scale
has been shown to have high test-retest reliability.2%31 Av-
erage Tegner Activity Level for the cohort at time of RTS
testing is reported in Table 1.

Static postural stability testing was assessed under eyes
open (EO) and eyes closed (EC) conditions. Participants as-
sumed a single-leg stance on their injured leg on the force
plate with their hands on their hips and were asked to fo-
cus on a marker at eye level approximately ten feet in front
of them for a total of ten seconds in EO condition. Sub-
jects assumed the same stance with their eyes closed for
EC condition. Subjects completed one practice trial for each
condition before three ten second trials were collected for
data analysis. Trials were repeated if the subject shifted
their standing foot on the force plate or touched down with
their opposite foot off of the force plate. This protocol has
been previously described and found to have excellent in-
ter-session reliability.32-37 The standard deviation of the
GRF were calculated for each trial in the anterior-posterior,
medial-lateral, and vertical directions. In addition, an over-
all composite GRF was calculated for each trial. These val-

ues were averaged across the three trials for the eyes open
and eyes closed conditions following data reduction.

For dynamic postural stability testing, participants were
instructed to jump forward from a two-legged stance over a
30.5 cm hurdle to a force plate that was positioned at a dis-
tance of 40% of their height. Subjects were asked to land on
their injured leg on the force plate and hold the stance for
at least five seconds after landing. Trials were discarded if
the subject did not land with one foot entirely on the force
plate or if they were unable to hold a single leg stance after
landing for at least five seconds. This procedure has been
previously described in the literature and has good inter-
session reliability.8:35-39 The dynamic postural stability in-
dex (DPSI) for each GRF component was calculated for the
anterior-posterior, medial-lateral, and vertical directions,
as well as an overall composite index following data reduc-
tion.40

Knee strength was first assessed using an isokinetic dy-
namometer with concentric testing at 60° per second. Sub-
jects were positioned on the isokinetic dynamometer ac-
cording to manufacturer specifications. Participants were
tested for average peak torque for knee flexion and knee ex-
tension. Strength was tested on the injured limb. Subjects
performed three practice trials of knee flexion and exten-
sion at 50% of their maximum strength, followed by three
practice trials at maximum strength. Following one minute
of rest, participants proceeded with five consecutive repe-
titions of flexion and extension at maximum strength. This
protocol has been previously described in the literature,
and has been shown to have good between-group and side-
to-side reliability.3441 Average peak torque for knee flexion
and knee extension were calculated and normalized to body
mass in kilograms.

A handheld dynamometer was also used to assess iso-
metric knee flexion and extension strength. For knee flex-
ion testing, participants were in the prone position on an
exam table with their injured knee in 30-45° of flexion. The
subject then accelerated into full flexion strength while the
examiner resisted the subject’s flexion using a handheld dy-
namometer placed on the distal one-third of the calf. For
knee extension, participants sat on the edge of the exam
table with their legs hanging off in 30-45° of flexion. Us-
ing a gait belt strap, the dynamometer was secured on the
distal one-third of the tibia of the injured leg, participants
accelerated into maximum extension. Each trial with the
handheld dynamometer was repeated three times. Hand-
held dynamometry has been previously described and val-
idated for intra-rater, inter-rater, and inter-device reliabil-
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ity, especially for proximal muscle testing.2-44 Peak force
was averaged over the three trials and normalized to body
mass in kilograms. One tester performed all of the hand-
held strength testing. Intra-rater reliability of this tester
using the protocol employed in the current study was 0.94
or greater.

Hop distance was assessed for both triple hop and
crossover hop. For each hop test, individuals were asked
to complete three consecutive hops on the affected foot,
jumping as far as possible along a 34" tape measure on the
ground. For the triple hop, all three jumps were made on
the same side of a tape measure secured to the floor. For the
crossover hop, participants alternated on which side of the
tape they jumped with each hop in a lateral-medial-lateral
pattern. Trials were discarded if participants landed on the
tape or if participants did not stick the landing on their fi-
nal hop. This procedure has been described previously,45:46
with intraclass correlation coefficients of 0.82-0.93.47 Par-
ticipants performed a practice trial for each hop test, and
data were recorded for two test trials, with the results aver-
aged and normalized to the participant’s height in centime-
ters.

DATA REDUCTION

Custom MATLAB (Mathworks, v7.0.4, Natick, MA) scripts
were used for filtering and processing data for static and dy-
namic postural stability testing. The data was filtered with
a low-pass Butterworth filter using a cutoff frequency of
20 Hz. For static postural stability, the GRF from each of
the three successful trials were normalized to body mass
in kilograms and averaged. The standard deviation of the
GRF in the anterior-posterior, medial-lateral, and vertical
directions were calculated, as well as a combined measure
from all three directions. For dynamic postural stability, a
stability index in the anterior-posterior, medial-lateral, and
vertical directions was calculated, in addition to a compos-
ite score from all three directions. These values were cal-
culated using the first three seconds after initial contact on
the force plate, as determined by the time in which ver-
tical GRF was recorded at greater than five percent of the
subject’s body mass. The calculations are based on a mean
square standardization around a zero point, with lower val-
ues for all variables indicating a better score.3?

STATISTICAL ANALYSIS

The median ACL-RSI score was calculated across the co-
hort. Participants were divided into two groups of equal
participants based on the median score. Groups were des-
ignated as “high score” or “low score” ACL-RSI group, rela-
tive to the median.

The data for each variable (height, mass, age, ACL-RSI
score, time to RTS, static and dynamic postural stability
testing, isokinetic knee flexion/extension, isometric knee
flexion/extension, triple/crossover hop) was assessed for
normality using a Shapiro-Wilk test. Trial data from the
participant’s injured limb was assessed. Data from the non-
injured limb was not included in this study. An independent
samples t-test was used to compare the functional perfor-

mance, strength, and postural stability testing between the
high and low score ACL-RSI groups for each variable, and
a Mann-Whitney U test was used if the data did not meet
normality criteria. All statistical analysis was performed us-
ing IBM SPSS Statistics (IBM SPSS, Version 24). Statistical
significance was set a priori at p < 0.05.

RESULTS

The Shapiro-Wilk normality test showed that the data was
normally distributed for all variables tested except for age.
There was no significant difference in age between the two
groups (mean age 18.67%5.17 years and median 17 years
in the high-score ACL-RSI group vs. mean age 21.67£7.33
years and median age 18 in the low-score ACL-RSI group,
p=0.331). The height, body mass, and age demographics be-
tween the two groups are presented in Table 2.

The median ACL-RSI score was 74.17. The average ACL-
RSI score was 83.1+6.2 for the “high score” group (HS)
and 61.8+8.0 for the “low score” group (LS). There was
a significant difference in ACL-RSI score between groups
(HS= 83.06, LS=61.76, p<0.001). The distribution of scores
is shown in Figure 1.

The means, standard deviations, and p-values for the HS
and LS group for static and dynamic postural stability tasks
are presented in Table 3. None of the comparisons between
groups achieved statistical significance. The means, stan-
dard deviations, and p-values between groups for strength
testing are presented in Table 4. High scorers on the ACL-
RSI had statistically significant greater isometric knee flex-
ion strength normalized to body mass as measured via
handheld dynamometry (36.6*11.4 vs. 32.9+11.8, p=0.001).
There were no other statistically significant findings in iso-
metric and isokinetic strength testing. The means, standard
deviations, and p-values for hop testing between groups are
presented in Table 5. There were no statistically significant
differences in performance between the HS and LS groups
for hop testing.

DISCUSSION

The purpose of this study was to evaluate if greater psy-
chological readiness for RTS was associated with better per-
formance on strength, postural stability, and hop testing
at time of RTS clearance among athletes who had under-
gone primary ACL reconstruction. It was hypothesized that
participants with greater psychological readiness, as de-
termined by ACL-RSI score, would have greater strength,
static and dynamic postural stability, and greater hop dis-
tance than participants with lower ACL-RSI scores. The hy-
pothesis was partially supported by the finding that par-
ticipants with greater psychological readiness for RTS had
greater mean isometric knee flexor strength. However, no
other statistically significant differences were found be-
tween groups in any other performance test measured.
Both psychological readiness to RTS and return of knee
flexor strength have been shown to be an important predic-
tor of successful RTS outcomes. Athletes with greater ACL-
RSI scores, a marker of psychological readiness, are more
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Table 2. ACL-RSI Group demographics

HS Group (n=9) LS Group (n=9) p-value
Mean +SD Mean +SD
Height (cm) 176.43 10.77 169.87 8.66 0.173
Mass (kg) 74.48 11.68 78.80 23.80 0.631
Age (yrs) 18.67 5.17 21.67 7.33 0.331
ACL-RSI Score 83.06 6.22 61.76 8.00 <0.0001*
Mean time to RTS clearance (months) 8.74 1.54 9.50 2.75 0.475

*denotes statistically significant difference
HS= high score ACL-RSI group, LS = low score ACL-RSI group

likely to return to sport after injury recovery.!325 Further,
athletes with lower ACL-RSI scores and a smaller improve-
ment in ACL-RSI score throughout postoperative rehabil-
itation are more likely to experience a second ACL injury
upon returning to sport.2! Knee flexor strength deficits af-
ter ACLR have been associated with an increased second in-
jury risk.4849

Previous studies have also identified relationships be-
tween strength and functional performance testing with
psychological readiness to return to sport. Paterno et al
identified that athletes with greater fear, a component of
psychological readiness, were less likely to return to previ-
ous levels of activity and were more likely to have isometric
knee extensor strength asymmetry and hop testing asym-
metry between legs at time of RTS, and were more likely
to experience second ACL injuries.’C Lepley et al. observed
that lower levels of presurgical pain and greater knee exten-
sor strength in both the injured and uninjured limbs at time
of RTS clearance were associated with greater psychologi-
cal readiness to return to sport.2? Burland et al found that
greater isometric and isokinetic extensor strength were as-
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Figure 1. Distribution of ACL-RSI scores.

sociated with higher ACL-RSI scores at three and six
months postoperative in adolescent patients.26 Meierbach-
tol et al. and Muller et al. found a positive correlation be-
tween ACL-RSI score and triple hop for distance.20:28

The time before recovery of static and postural stability
skill after ACLR remains controversial,>1=>4 but has been
shown to improve upon training and is often trained in
postoperative  rehabilitation programs.55‘58 Balance
deficits may persist six months to three years after ACL in-
jury.>4 It is possible that no difference was observed be-
tween the high and low score groups on static and postural
stability testing because all athletes had been exposed to
balance testing throughout rehabilitation and had ade-
quately recovered their balance at time of return to sport
testing.

There are several limitations to this study. First, there
was a relatively small enrollment size. Generalization of
these findings should be done with caution, given the small
sample size and small age range of athletes enrolled. Par-
ticipants volunteered to enroll in the study, so enrollment
was limited by their willingness to complete testing leading
to selection bias. Additionally, the type of surgical graft
used intraoperatively, and postoperative rehabilitation pro-
grams were not controlled among participants. Athletes
may have exhibited reduced hamstring strength if they re-
ceived a hamstring autograft, which would be unrelated to
psychological readiness. Graft type for each participant was
not recorded for this study, therefore we were unable to
stratify results based on this finding. Postoperative reha-
bilitation protocols are not standardized after ACLR,>759,60
which could contribute to varying levels of familiarity or
preparation for the test battery used in this study. However,
because participants were tested after RTS clearance by
their clinicians, it is assumed that all subjects had demon-
strated some level of competency with strength, balance,
and functional performance testing prior to enrollment in
this study.

CONCLUSION

This study demonstrated an association between greater
isometric knee flexor strength and ACL-RSI score, a surro-
gate of psychological readiness to RTS, partially supporting
the hypothesis. We found no association between greater
psychological readiness to RTS and knee extensor strength,
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Table 3. Static and dynamic postural stability testing

HS Group (n=9) LS Group (n=9) p-value
Mean +SD Mean +SD
Static Balance GRF - AP, EO 2.68 0.73 271 1.10 0.947
Static Balance GRF - ML, EO 3.53 1.29 3.53 1.73 0.993
Static Balance GRF -V, EO 5.64 1.68 517 2.34 0.630
Static Balance GRF - Combined, EO 7.20 2.15 6.85 3.05 0.780
Static Balance GRF - AP, EC 5.33 1.53 6.29 4.02 0.510
Static Balance GRF - ML, EC 9.09 4.39 10.80 7.02 0.545
Static Balance GRF -V, EC 12.48 5.09 12.85 7.02 0.898
Static Balance GRF - Combined, EC 16.42 6.65 17.99 10.59 0.711
DPSI 0.35 0.05 0.36 0.04 0.479
APSI 0.14 0.01 0.14 0.01 0.303
MLSI 0.03 0.00 0.03 0.01 0.950
VSl 0.32 0.05 0.33 0.04 0.505

GRF= ground reaction forces, EO= eyes open, EC = eyes closed, AP= anterior-posterior, ML= medial-lateral, V= vertical, HS= high score ACL-RSI group, LS = low score ACL-RSI group

Table 4. Strength testing

HS Group (n=9) LS Group (n=9) p-
Mean +SD Mean +SD value
Isokinetic Knee flexion avg peak torque/ BM *100 124.98% 25.87 102.03% 46.49 0.214
Isokinetic Knee extension avg peak torque / BM * 189.06% 45.63 192.68% 67.99 0.896
100
Handheld dynamometry knee flexion avg peak 22.61% 6.01 12.12% 4.88 0.001*
force/ BM * 100
Handheld dynamometry knee extension avg peak 36.55% 11.37 32.90% 11.82 0.528
force/ BM *100
*denotes statistical significance
HS= high score ACL-RSI group, LS = low score ACL-RSI group, BM = body mass (kg)
Table 5. Hop testing
HS Group (n=9) LS Group (n=9)
p-value
Mean +SD Mean +SD
Triple hop distance / height 265.19 55.65 209.74 65.66 0.071
Crossover hop distance / height 238.94 54.17 187.58 73.91 0.112

HS= high score ACL-RSI group, LS = low score ACL-RSI group

static or dynamic postural stability, or hop testing among CONFLICTS OF INTEREST AND FINANCIAL DISCLOSURES
the cohort. Findings from this study indicate that improv-

ing hamstring strength may contribute to greater psycho- None

logical readiness to return to sport, both of which may help

reduce second ACL injury rates. Given that psychological IRB PROTOCOL

readiness has been shown to be related to successful RTS
outcomes and lower second injury rates, future research
should explore ways to train and optimize psychological
readiness in additional to functional strength prior to an
athlete’s return to sport. CST
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